A numerical phenotypic taxonomic study of 315 strains of Neisseria and some allied bacteria examined for 155 phenotypic tests showed 31 groups, most of which were reasonably distinct. These fell into four major areas. Areas A, B and C contained species of Neisseria, whereas area D contained the organisms known as 'false neisserias' together with Branhamella, Moraxella and Kingella species. Area A contained N. gonorrhoeae (which showed two subgroups), N. meningitidis (with two subgroups, and N. cinerea closely associated), N. polysaccharea, N. elongata subsp. glycolytica and N. lactamica. Area B contained mainly organisms from the human nasopharynx, and the nine groups were not very distinct: only three, N. mucosa, N. perflava and N. sicca could be recognized by the presence of type strains, and there was little relationship between taxonomic position and species epithets. Area C contained several groups from animals, N. animalis, N. canis and two phenons that may be justified as new species of Neisseria, one from lizards and the other from dental plaque of herbivores. Area C also contained N. elongata, N. subflava (with N. flavescens), type strain of Morococcus cerebrosis and the CDC groups M-5 (N. weaverfi and EF-4. Area D contained Branhamella catarrhah, a combined group which consists of strains of the 'false neisserias' N. caviae and N. cuniculi, the 'false neisseria' N. ovis, and a group of Moraxella strains. A small group representing Kingella kingae is included in area D. Mean test error was 1.7%.
INTRODUCTION
The genus NeiJseria contains two important human some other species of significance in man and other animals. The taxonomy of the genus has been difficult to sgbfava. Furthermore, the commonly used name ' Neisseria pharJyngis' (Wilson & Smith, 1928) , which is not validly published, has also been applied to partially characterized nasopharynx.
Pathogens, the menin~ococcus and the ~o n o c o c c u s~ and strains of these and other saccharolytic species from the study because of the fastidious growth requirements of these organisms, the ease with which they die out or become contaminated in culture, and the high phenotypic similarity between species. There are relatively few phenotypic tests in the literature that clearly distinguish between species, and data on nucleic acids are available for only a few strains. Many strains in culture collections bear names whose application is uncertain, particularly those that were isolated from the human nasopharynx. Confusion has arisen, for example, from the grouping (Reyn, 1974) of saccharolytic strains previously classified (Branham & Pelczar, 1957) The genus is closely allied to Moraxella and Branhamella, and there is a very similar group called the 'false neisserias ' : present knowledge is summarized by B m r e (1984a, b) , Vedros (1984) and Morse & Knapp (1992) . A preliminary investigation (Le Monnier e t al., 1987) with rapid enzyme tests has been performed in our laboratory, and we here present our subsequent and wider findings on all these groups. Names that are not validly published are placed in inverted commas and the biovars of N. szlbfava are named (wherever possible) according to the classification of Branham & Pelczar (1957) .
METHODS

Strains.
A combination of partly identified and well characterized Neisseria and related species were received (listed in 0001-8674 0 1994 SGM Table 1 . Strains studied and their clustering (using the S, coefficient) in the same order as Fig. 1 Strain Name as received no. . Colour intensities were scored on a scale of 0-3 10 min after any reagent additions. The ATB FGN test names used in this study are those applied by the manufacturer according to the main enzyme which each test was designed to detect. Whilst it may have been more accurate to name specific substrates (since other related enzymes with similar specificities and lesser activities could potentially con-tribute to substrate degradation) this was not possible for commercial reasons.
API 50CH galleries were inoculated with GCA grown cell suspensions approximating to McFarland point 1 turbidity in MSPM medium. Cupule sugar concentration was 2 % (w/v). After incubation for 17, 24 and 48 h, negative, weak and strong (pink colour) acid reactions in cupule or tube were scored 0, 1 and 2 respectively. The 24 h data were used in subsequent computation of similarities. Cupules with suspect or unusual reactions were checked for contamination. Berger (1963) has shown that strains of N. Java and N . sz/bfava produce ammonia from peptone. It is considered that other saccharolytic Neisseria species may well also possess this capability given the weak acid reactions often reported for these bacteria. The latter could be explained by the neutralization of acid (from the breakdown of carbohydrate) by ammonia released from peptone degradation. Thus, in this study, for the majority of strains, growth was confirmed in cupules after 48 h incubation by the addition of one drop of Nessler's reagent (BDH). Immediate yellow (deeper than the control) to deep orange colouration was indicative of ammonia production from the peptone contained within the medium.
Gram reaction and micromorphology. Heat-fixed smears of 18 h GCA grown colonies were stained using Hucker's modification (Cowan, 1974) , prior to microscopic examination.
Catalases. Standard catalase was performed by emulsifying 18 h GCA grown colonies in 3% (v/v) hydrogen peroxide and recording effervescence within 1 min as positive. Additionally, catalase FGN was tested for in the FGN sugar acidification control well with reagent and timing details as above. Superoxol was determined in the same manner as the original catalase except that 30% H,O, was used (Young et al., 1984) with instant vigorous (within 1 s), equivocal (strong but delayed for up to 5 s or instant weak) and negative effervescent reactions scored as 2, 1 and 0 respectively.
Carbohydrate degradation.
All carbohydrate acidification tests except dextrin FGN (rapid, with phenol red as indicator) were determined using API 50CH galleries as described above. Other APT systems (Zym and FGN galleries) were used for specific carbohydrases. Starch hydrolysis was determined after 2 d incubation using BMA streak plates incorporating 17'0 soluble starch, flooded with Lugol's iodine prior to examination for clearing (positive).
Amidases and proteolytic enzymes. All arylamidase reactions (those with .a suffixes) except additional valine.a, cystine.a and 1eucine.a (all three from the Zym gallery), were read in FGK galleries after the addition of fast blue (FB) reagent to develop the orange coloured (positive) end-product. Trypsin (Zym) and chymotrypsin (Zym) were also determined. Gelatin hydrolysis was observed after 3 d incubation of BMA streak plates containing 1.5 O h (w/v) gelatin. These plates were cooled to 5 ' ( 1 prior to examining for (positive) clearing.
Lipases and esterases. Butyrate (C,), caprylate (C,) esterases and myristate (C,,) lipase activities were determined in Zym galleries. BMA streak plates with 0.016 % (w/v) CaC1,. 2H,O and 0-5 % (v/v) Tween were observed after 3 d for opacity indicative of Tween hydrolysis if growth had occurred.
Tributyrinase and phospholipase C reactions were studied by placing the appropriate diagnostic tablet (Rosco Diagnostica) in 0.25 ml of a McFarland 4 turbidity suspension in 0.85% NaCl and incubating for 21 h prior to reading according to manufacturer's instructions (Casals & Pringler, 1987) . Readings at earlier times of 3 and 6 h were not used in the cluster analysis.
Activity towards nitrogenous substances. Nitrate and nitrite reduction were determined by method 1 of Cowan (1974) in BMB containing 0.1 YO (w/v) KNO, and 0.0005 O h (w/v) NaNO, respectively. At least 5 min were allowed for colour development after addition of nitrate reagents. Nitrate reduction FGN was also determined employing similar reagents. Urea hydrolysis, phenylalanine deaminase and ornithine decarboxylase were also performed in FGN galleries.
Antibiotic interactions. Penicillinase FGN relied upon the acidimetric method with phenol red as indicator. Colistin sensitivity was determined using GCA spread plates carefully prepared using 0.1 ml aliquots of McFarland 4 suspensions in 0.85% NaC1. After 1 d of incubation any zones of inhibition around a centrally placed 10 pg Colistin disk (API Biomerieux) were inspected and the distances between growth and disk measured. Distances were coded 0 for no inhibition zone (resistance), 1 for growth within 5 mm (generally 2-3 mm) and 2 for very sensitive strains producing growth at only 5-10 mm. Growth under unmodified air and under 5 % CO, in the presence of 0, 100,250, 500 and 1000 pg acetazolamide ml-' was assessed after 3 d incubation of BMA streak plates incorporating the appropriate concentrations of this carbonic anhydrase inhibitor. Results were coded on scale 0 (for growth with 0 pg ml-l) to 5 (for growth with 1000 pg ml-'). CO, results
were not used in the computation of similarities.
Phosphatases. Activities towards two different acid (FGN and
Zym) and four different alkaline (unnumbered one from Zym, phosphatases 1-3 from FGN) phosphatase substrates were examined. FGN acid and alkaline (phosphatase 1 only) phosphatases required addition of FB reagent prior to reading.
Miscellaneous biochemical tests.
The reduction of pink resorufin to a colourless end product was determined in FGN galleries, as was production of indole, indicated by the development of a red colour with James reagent. Hippurate hydrolysis FGN was read after the addition of ninhydrin (NIN) reagent that produced deep violet positive reactions. The oxidase reaction was tested by the method of Kovacs (1956) using 18 h GCA growth. Dark purple colouration formed within 10 s was scored positive. The production of DNase was determined using streak plates of Oxoid DNase agar with 1 % proteose peptone no. 3 (Difco) and 1 YO Vitox (Oxoid) that were flooded with 1 M HC1 after 2 or 5 d incubation. Clearing within the opaque medium adjacent to growth was positive for DNase and any pigmentation was enhanced to a bright yellow colour on the acidified medium (DNase 2 and 5 d results were identical).
Tetrathionate reductase was determined using the appropriate diagnostic tablet (Rosco Diagnostica) in the manner previously described for tributyrinase and phospholipase C (see under Lipases and esterases). The t x n matrix consisted of 315 strains scored for 155 characters (see Table 3 and constant tests in Results). Binary characters were scored 0 for negative and 1 for positive. Multistate characters were mainly those performed in API strips and these were scored as detailed above.
The similarity coefficients used were the Gower coefficient including negative matches (SJ, the simple matching coefficient (Ss,) and the pattern difference (D,,) coefficient of Sackin (1981) .
Single linkage and average linkage (UPGMA) cluster analyses were done, and the vigour of cultures was calculated using the V, statistic (Sackin, 1981) . Details of these methods other than the V,statistic are given in Sneath & Sokal(l973). For S , , and D,, the multistate characters were converted to binary ones.
Test reproducibility was estimated by duplication of 21 of the strains. These duplicate strains were carried through as independent strains, and their identities are shown in Table 1 .
Because the number of multistate tests was large the S, values were used to estimate test error by formulae 1 and 4 in Sneath & Johnson (1972) .
Other calculations (including identification statistics) were carried out by the methods given in Sneath & Stevens (1985) . The programs MATIDEN, CHARSEP and OVERMAT are respectively from Sneath (1979a) , Sneath (1979b) and Sneath (1980) .
RESULTS
Test reproducibility
The mean S , between 21 replicated pairs of strains was 96*7%, and the mean test error, p , was therefore low, about 1-7 O/O. The mean difference in vigour between these replicates was 1.4 YO. Catalase FGN was also not very reproducible ( p = 0.13) but differentiated the phenons with very high catalase activity .
Constant tests
The following tests were all negative or all positive in all strains (with rare exceptions shown in parentheses). The following were positive : a1anine.a (213), oxidase.
The exceptional strains listed above were mostly satellites near the bottom of the phenogram (Fig. 5 ).
Main cluster analysis
The UPGMA analysis with S , (Figs erogeneous phenon a number of significant points are obscured : the differentiation of all the phenons is near the limits of the methods employed, because of the very high similarity between all the neisserias. As a consequence of these factors there are a number of strains of well-founded species that are misplaced because of somewhat atypical test results.
organisms. The cophenetic correlation was 0-784. Thirtyone groups of strains were considered sufficiently distinct for descriptive purposes. The distinctness of phenons 9 to 17 is less than would normally be accepted in phenotypic analvses. However. if these are Dooled into one het- 
Taxonomy of Neisseria
The phenogram is conveniently broken into four major areas (Fig. 1) ; the detail within each is shown in Figs 2-5. The areas area: A, the gonococci, meningococci, and a few other species (phenons 1-8); B, strains that are commensals in the human nasopharynx, conveniently termed the pharyngeal strains (phenons 9-1 7) ; C, species found mainly in animals other than humans (phenons 18-26) ; and D, the moraxellas, branhamellas and so-called 'false neisserias', with a few other organisms which were studied for comparative purposes (phenons 27-31).
Description of phenons
Constituent strains of phenons are given in Table 1 . The parameters of the p henons, with in tercen troid distances, are shown in Table 2 . The percentages of positive test reactions are given in Table 3 .
Area A: phenons 1-8 (Fig. 2) . Strains of these phenons tended to attack few carbohydrates, and have low vigour scores. None grew in the presence of Tween 20 and, except for phenon 7, all grew on modified New York City medium. Apart from phenon 6, strains of area A did not grow on nutrient agar. There are two groups of gonococci, phenon 1 (gonococcus a) and phenon 2 (gonococcus b). Both replicates of the type strain of Neisseriagonorrhoeae (A59, A59a) are in phenon 1. Almost all these strains are of urethral or cervical origin, but A75 was isolated from the throat, though it appears quite typical of gonococci. There is no reason to doubt that members of phenon 2 are also gonococci; several are from urethra or cervix. Three other strains are attached to these phenons. One of these, A50, was isolated from the human conjunctiva in Egypt (Mazloum et al., 1986) . To elucidate the relationships of strains of phenons 1 and 2 and their satellites further, a principal coordinates analysis was made which confirmed the separation of phenons 1 and 2, and showed that the three satellites fell close to one or other phenon. Phenons 1 and 2 shared a few distinctive properties that are not common among other neisserias : they were colistin resistant, positive in the catalase FGN test and were positive for superoxol and negative for maltose acidification. They differed in g1ycine.a and 1ysine.a with phenon 1 positive for both, and the latter (unlike phenon 2) contained some penicillinase producing strains.
Phenons 3 , 4 and 5 show unexpected taxonomic relationships. Phenon 3 is NeiJseria metzingitidis, containing the type strain NCTC 10025 (B18, B18a, B43), and phenon 5 also consists of meningococci (see Discussion). Phenon 4, containing the type strain of N. cinerea, is embedded within the meningococci in the dendrogram (Fig. 2) . A principal coordinates analysis, however, showed that strains of phenon 4 were within the region composed by phenons 3 and 5 (Fig. 6 ), and strains of the latter were not well separated. The N. cinerea strains are somewhat peripheral in Fig. 6 but do not seem to form a distinct group despite being inactive to carbohydrates, unlike meningococci. Overlap between these three phenons is relatively high, with nominal overlap between 3 and 4, and 3 and 5 approaching 19'0 (see Discussion). However, phenon 4 is usually colistin sensitive, whereas phenons 3 and 5 are resistant. Phenons 3 and 5 are positive for yglutamy1.a unlike the gonococcal and cinerea phenons. These findings are in agreement with Knapp (1988) . The satellites B29 and B23 (Fig. 2) appear to be meningococci that gave rather aberrant test results.
Phenon 6 is N . pobsaccharea (Riou & Guibourdenche, 1987) , a compact group, though some strains received under this name do not cluster here (see Discussion). Distinctive properties are the ability to synthesize polysaccharide and to hydrolyse starch. Some strains produced yellow pigment.
A group of satellites follow phenon 6. They were received under various names, and may be strains which gave rather atypical test reactions. Two were received as Neineria cinerea.
Phenon 7 is one of three containing strains received under the epithets ' elongata' or ' parelongata' (the others are phenons 20 and 26). The strains are distinctive in being positive in the tests for superoxol, hydroxypro1ine.a and phenylalanyl-pro1ine.a. It corresponds to Neisseria elongata subsp. ghcobtica. The satellite that follows, B45, is a misplaced meningococcus.
Phenon 8 is Neisseria lactamica and is well defined, characterized by being P-galactosidase positive and often acidifying lactose, neither of which properties are seen in other phenons.
Area B: the human pharyngeal area (phenons 9-17, Fig. 3 ). The strains of area B are predominantly from the nasopharynx, and despite a number of species epithets they are all phenotypically very similar. Collectively these phenons tend to acidify fructose and sucrose, to grow on nutrient agar often giving yellow pigment, often reduce nitrite and sometimes nitrate, sometimes hydrolyse starch and synthesize polysaccharide, and give a positive reaction with 1eucine.a Zym. Some of these properties are shared with phenon 25. There are few properties that distinguish the phenons. Some phenons show tetrad formation, some are usually haemolytic, some do not synthesize polysaccharide, but the phenons seem to form a continuum, with rather large overlap values for adjacent phenons (commonly 0.01 %, which is relatively large, and probably the overlap is underestimated because of the small number of variable tests in which the phenons differ, see Discussion).
The position was only partly clarified by principal coordinates analysis. The epithets under which strains were received were not grouped in a sharp manner on the first three axes. Some broad trends were seen. Strains received as 'mucosa' tended to score high on axis I.
Although ' sicca ' might seem the antithesis of ' mucosa ' the ' sicca ' strains were also high on axis I (and on axis 111). Strains with epithets ' flava ', ' subflava ' and ' perflava ', presumably given because of yellow pigmentation on first isolation, had low scores on axis I. However, their 
Parameters of phenons and intercentroid distances
The entries in the body of the table are the intercentroid Euclidean distances, from which Fig. 7 was derived. 0 100 91 100 64 100 100 75 100 38 77 100 100 50 0 0 100 100 86 91 100 100 100 100 100 100 100 100 100 0 67 100 100 100 91 100 100 100 100 63 92 93 100 100 0 33 100 100 100 100 100 100 100 100 100 92 100 100 100 50 67 100 100 100 100 100 100 100 100 100 100 100 100 100 50 pigment production in our test was very poorly correlated with these epithets. Strains labelled ' pharyngis ' were not associated with any axis. Strains with less metabolic activity (low vigour scores) tended to score low on axes .[I and 111. There was some correlation between phenons and tetrad formation (Table 3 ).
Phenon 9 is preceded by two satellites, B7 and 28. The first was isolated from the throat of a male homosexual :IS Neisseria meniulgitidis, but phenotypically it is atypical (see Discussion). The latter is of uncertain origin. Phenon 9 itself is very tentatively equated with Neisseria mzicosa because it contains one replicate, M15a, of the type strain, which consistently behaved differently from M15. The latter gave stronger reactions in arylamidase tests and appears in the loose phenon 25 close to the moraxellas. One replicate, W1, of Neisseria macacae also occurs here (the other is a satellite of phenons 9 to 12).
Phenon 10 is identified with Neisseria perflava because it contains the type strain (both replicates, U15 and U15a). One strain, U28, was from a case of meningitis.
Phenons 11 and 12 contain no type strains, and are referred to as pharyngeal groups 1 and 2 respectively. One sjrain, V12, is from monkey dental plaque. Two satellites follow, one being the replicate of W1.
Phenon 13 is identified with Neisseria sicca because it contains the type strain (429, Q29a) but other epithets occur (see Discussion). Not all strains are from humans (Table 1) .
Phenons 14 to 17 contained no type strains, so they are referred to as pharyngeal groups.3 to 6 respectively. (type strain C1, Cla), but also contains one replicate, Hla, of the type strain of N. denitrzficans. The phenon has few distinctive properties except that it is pro1ine.a negative, like phenons 22, 23 and the moraxellas, whereas most 'true neisserias' are positive. A strain received as Moraxella urethralis (X4) follows : its position is unexpected, but this species has often been considered incertae sedis ( B~v r e , 1984b ', but we are unsure of the status of this strain since it has been suggested (Professor U. Berger, personal communication) that strains bearing this name result from a confusion ; unfortunately the organism of Berger (1 962) has died and no longer exists in any collection (ATCC no longer list this strain). Also we did not observe, under the conditions of this study, that the cells were particularly large as originally described by Berger (1 962).
Phenon 20 is Neisseria elongata subsp. elongata (type strain 11, Ila) . It is characteristically inactive toward carbohydrates, and often exhibits diplobacillary morphology. Strain 12, CDC confirmed as group M-6, also clustered here (see Discussion).
Phenon 21 has some puzzling features. It contains the type strain of Neisseriaflavescens ( K l , K9, K9a, K l l ) which has been recorded as a rare cause of human meningitis, and which is generally regarded as a well defined species (Vedros, 1984) . The type strain of N. szibflava (U37, U37a) is also included. There is no indication of two subphenons, so the earlier name, N. stlbflava has been used here. The phenon is inactive toward carbohydrates and most strains show yellow pigment .
Several satellite strains follow phenon 21; two from dental plaque V19 and V21 are haemolytic.
Phenons 22 to 24 appear to represent undescribed species from animals. They are unusual for Neisseria in being mainly gluconate and sucrose acidification positive, and positive in catalase FGN. Phenon 22 contains strains from sepsis in iguana lizards (Plowman e t al., 1987) . They are characteristically positive in alkaline phosphatase 2 and yglutamy1.a. They are strongly a-haemolytic and show prominent tetrad morphology. Although phenon 22 appears in Fig. 4 as within the phenon complex 22 to 24, a principal coordinate diagram showed that the iguana strains were well separated from the others, and that the distinction between phenons 23 and 24 was weak.
Phenons 23 and 24 might be described as a new species. All strains were from dental plaque of dairy cows except one from gorilla plaque (Dent, 1982) . They differ from phenon 22 in that they are fructose positive, grow on nutrient agar, seldom exhibit tetrads and are negative for alkaline phosphatase 2 and haemolysis. Phenon 23 does not reduce nitrate whereas phenon 24 does, and only phenon 24 displayed pronounced yellow pigmentation. One of the duplicates of V25 was in phenon 23, the other in phenon 24 (labelled V37).
A satellite, 21 1, follows which was received as Morococcus cerebrostls (type strain). It was unique among our strains in forming prominent ' mulberry clumps ' of cocci in wet mounts as described by Long e t al. (1981) .
Phenon 25, refered to as the 'mucosa-flava' phenon, is a small rather diffuse group, with somewhat unusual test results in that the strains are usually positive in ornithine.a, phenyla1anine.a and tyr0sine.a and, like most moraxellas, are positive in prolyl-arginine.a and alanyl-phenylalanylprolyl-a1anine.a. Although it contains one of the replicates of the type strain of Neisseria natlcosa this behaved in an unusual manner, so we believe that this phenon does not represent that species. A satellite, 4 7 , follows.
Phenon 26 corresponds to the CDC M-5 and EF-4 groups (Tatum etal., 1974; Holmes & Ahmed, l98l) , which have been called ' Neisseriaparelongata', though the name is not validly published. The two groups were separated within phenon 26, though not very distinctly : the M-5 group has now been validly named Neisseria weaveri (Holmes et al., 1993; Anderson e t al., 1993a, b) . Most strains are from dogs and grow as short diplococci. They are characteristically DNase positive and grow on taurocholate media. Four satellites follow which may be strains of other species in which test reproducibility was poor and caused them to stray from their expected phenons. One strain is a replicate of the type strain of Neisseria denitrzjcans but it behaved unusually in several tests (e.g. it did not reduce nitrate) and the other replicate is in phenon 18.
Area D: phenons 27-31, moraxellas and allies (Fig. 5) .
The branhamellas, 'false neisserias ' (Neisseria caviae, N . cuniculi, N . ovis) and moraxellas show several phenotypic features that are unusual in the ' true neisserias '. They are usually positive in a-glutamyl-a-glutamic acid.a, alanyl--phenylalanyl-prolyl-a1anine.a and prolyl-arginine,a, but. are pro1ine.a negative, and they do not attack carbohydrates.
Phenon 27 is Branhamella catarrhalis, and contains the type .strain (S14, S14a). We believe that A33 and 0 6 belong to this species and have earlier been misidentified or mislabelled. A number of satellites follow : M8 was unusual in being weakly positive for gelatin hydrolysis, and Z9 was histidine.a positive.
Phenon 28 contains the type strains of both Neisseria caviae (El, Ela) and Neisseria czmictlli ( G l , Gla) and, surprisingly, the type strain of Neisseriajava (U38, U38a) ; the implications are considered in the Discussion. Many strains are from rodents. Strains received as N . caviae produced a wide zone of opacity around the clearing on Tween 85 agar plates, but strains received as N . cunicdi and the N. Java type strain did not.
Phenon 29 is Neisseria ovis (Moraxella ovis) characterized by being positive for glycyl-glycyl-arginine.a, phenylalanylarginine.a, and a-glutamyl-a-glutamic acid.a and like phenon 30 it hydrolyses several of the Tweens and caprylate (C, esterase). Most strains produced a response on Tween 85 similar to that of N. caviae and they produced P-haemolysis near the colony edge only.
Phenon 30 contains classical species of Moraxella : there was some internal differentiation in the phenogram into species, but there were too few strains to justify separating these in Fig. 5 . These strains were often diplobacillary and had activity toward Tweens 40, 60, 80 and tributyrin similar to phenon 29. They did not produce the opacity in Tween 85 agar observed with N. caviae.
A number of satellites are seen at the end of the phenogram, most of which are related to the other strains at relatively low similarity levels. Only the two strains of Kingella kingae have been placed into a described phenon (phenon 31), chiefly to record their properties in Table 3 for comparative purposes. They show diplobacillary morphology, are strongly positive for alkaline phosphatase, a-glutamyl-a-glutamic acid.a, 0rnithine.a and resorufin reduction; they haemolyse horse blood but are not lipolytic towards tributyrin or caprylate.
The satellites 0 8 , V4 and V9 form a group that is unusual in being positive for indole production and acidifying Dlyxose; the latter two also acidified D-XylOSe and V4 acidified sorbitol. Other unusual test results were as follows: V8 was histidine.a positive; V14 was positive for ornithine decarboxylase ; Y3, Kingella indologenes, now transferred to a new genus as Suttonella indologenes (Dewhirst e t al., 1990) was (as expected) indole positive; and 21 3, Gemella haemobsans, was haemolytic, positive for pyroglutamic acid.a but negative for a1anine.a.
Distinctness of phenons and their relationships in phenetic space
Compactness and overlap of phenons. The compactness of phenons is shown by dJ in Table 2 and ranges from 0-15 for phenons 1 and 2 to over 0.24 for phenons 24 and 31 (the large value for phenon 31 is due to the small number of degrees of freedom for only two strains). These values of dJ are quite typical for bacterial species (e.g. Bridge & Sneath, 1983; Sneath & Stevens, 1985) . The overlap statistics were reasonably satisfactory : only three pairs of phenons (phenons 3 and 4 , 3 and 5, and 10 and 12) showed nominal overlap VG of more than 0.1 % and none were over 1 YO. However, because the similarity values are so high, the numbers of test differences are small relative to many studies, and this reduces the overlap when calculated by using the full number of tests (Bridge & Sneath, 1983) . The main effect of reducing the number of differences between a pair of phenons (as occurs when the average interphenon similarity is high) is to increase proportionately the variance on the axis joining the centroids of the phenons. Because the overlap statistics are here applied to binary data instead of continuous variables the statistics are not straightforward and have not been worked out in detail. Applying the correction suggested by Bridge & Sneath (1983) , to replace the number of characters n by m = 2 4 1 -5) where S is the mean interphenon similarity, leads to reducing the standard deviations on the q axis to about half for the closer pairs, This results in some pairs exhibiting a nominal overlap close to the 8% level where clusters are continuous. This is in reasonable agreement with Fig. 7 which is described below. The most overlapping phenon pairs are then 1 and 2 , 3 and 4 , 4 and 5, 9 and 10, and 18 and 19. The conclusion (which must be only tentative in view of these statistical limitations) is that most clusters are satisfactorily distinct except for the gonococcal phenons, the meningococcal-cinerea phenons, some of the pharyngeal phenons and the animalis-canis and branhamella-moraxella phenons.
Principal coordinate analysis. A general view of the major relationships of the phenons is shown in Fig. 7 . Such an ordination does not exactly reflect the phenogram but discrepancies are small. There are a few overlaps as mentioned above.
The main areas are seen: area A is toward the back, area B is toward the left, area C is in the centre and area D toward the right (except for Kingella kingae which is high up and somewhat nearer the neisserias than area D). The variance of 50% accounted for by the first three axes is -31 K. kingae similar to that usually found in such analyses (Bridge & Sneath, 1983; Sneath & Stevens, 1985) . Phenons with high metabolic activity lie toward the front and right as indicated by vigour values (Table 2) . Low values on axis I are associated with phenons that are weakly positive for glucose, fructose, maltose and sucrose acidification and polysaccharide synthesis. Low values on axis I1 are associated with hydrolysis of Tween 60.
Single linkage clustering with Sc. This showed less structure than UPGMA, but broadly the same phenons were seen.
Vigour and pattern coefficients. The vigour of the phenons (which largely reflects the range of metabolic activity) is shown in Table 2 , and varies from the less active gonococci to the more active moraxellas. The UPGMA phenogram from the pattern coefficient D,, (Sackin, 1981) with cophenetic correlation of 0.74, was very similar to that from S , . Phenons 1 and 2, however, were combined. Phenon 5 was still separated from phenon 3, but the strains of phenon 4 were scattered among the pharyngeal strains. The pharyngeal phenons were less well separated and strains were sometimes mingled in diffuse groups. Phenons 23 and 24 were mingled.
The main difference was in the treatment of the ' elongata ' phenons 7 and 26 which were partly mingled.
Cophenetic discrepancies. Most of the distortion between a similarity matrix and a phenogram is generally due to a few of the OTUs (Sneath and Sokal, 1973; p. 282) , and these poorly-fitting members are commonly satellite strains or members of the most peripheral clusters (Sneath et al., 1981) . This behaviour was also noted in this study, and as observed earlier strains with high distortion AJ often showed very high or very low vigour. Distortion values were also high in phenons of area D. Table 3 when treated as an identification matrix gave reasonably good results when evaluated by computer programs (see Methods). The CHARSEP program showed that the following tests, many of them not traditional ones, were particularly useful for discriminating between all phenons : acidity from glucose, maltose, sucrose and fructose, the arylamidase tests proline.a, hydroxypro1ine.a and glycylproline. a (serylmethionine. a, serine.a, phenylalanine. a and catalase FGN were also useful but less reproducible), growth on Tween 20 and modified New York City medium, polysaccharide synthesis, colistin sensitivity, caprylate, superoxol, haemolysis, alkaline and acid phosphatases (Zym), tetrads and DNase (5 d). The MATIDEN and OVERMAT programs showed satisfactory separation of all the phenons, except some pairs of phenons in the pharyngeal area (phenons 9-17) which have been discussed earlier.
Identification statistics. The percentages in
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Test reproducibility
Test reproducibility from the replicated strains was satisfactory. Replicate strains were usually close and even the most distant (H1 and Hla) showed S , of 86%. The properties of the better known species were in fairly close agreement with those summarized by Bavre (1984b) , Vedros (1984) and Morse & Knapp (1992) . We confirmed the value of pro1ine.a and 7-g1utamyl.a for separating species of Neisseria (Eriquez & Hodinka, 1983) . 'The sensitivity of the carbohydrate fermentations in .API 50CH galleries seemed lower than conventional tests for strains of gonococci and meningococci (see Table 3 ), but for all strains there were a few instances of positive fermentations where none were anticipated.
Although the remaining 100 tests have given a satisfactory identification matrix, these are too numerous for practical identification. Nevertheless we consider that a good many more tests will be required for accurate diagnosis than the twenty or so tests of the tables in Vedros (1984) and Morse & Knapp (1992) . Some promising additional tests are mentioned above.
Phenons
Area A: phenons 1-8. Marello & Bochner (1989) have reported two subgroups within Neisseria gonorrboeae, but we have not been able to collate our subgroups with theirs due to lack of information on their strains. The single strain of ' N. gonorrboeae var. kocbii' (A50) was a satellite of these phenons and it is possible that it represents another subgroup of the species, though we did not find any prominent features that distinguished it from the other gonococci. In the principal coordinate analysis it was in the larger group containing phenon 1.
One strain of phenon 3,011 , seems to be mislabelled, and is from the throat; it is well known that correct identification of throat strains may be difficult. This has been investigated by Ison e t al. (1982) who found that yglutamyl aminopeptidase activity or the ability to acidify maltose was expressed by a small percentage of gonococci that had been transformed in vitro by DNA from strains of meningococci or Neisseria lactamica, respectively. They also observed that, although the majority of their meningococcal throat isolates were typical of meningococci (in that, like meningococci from cerebrospinal fluid or blood, they were positive for y-glutamyl aminopeptidase and negative for hydroxyproline aminopeptidase), about a third displayed weak hydroxyproline aminopeptidase activity and a few strains were similar to N. gonorrboeae in being negative for y-glutamyl aminopeptidase and strongly positive for hydroxyproline aminopeptidase. Seven strains of meningococci from the throats of male homosexuals were sent to us by D r Ison in case they showed phenotypic properties intermediate between meningococci and gonococci, but these seemed to be typical meningococci. All of these (except strains B7 and B10) clustered within phenon 3 which was predominantly composed of throat isolates but with at least three strains from cerebrospinal fluid. Phenon 5 included a cerebrospinal fluid isolate and four strains for which, unfortunately, we have no isolation details. Of the other strains from homosexuals, two seem typical of Neisserza lactamica and one (B7) is a satellite of phenons 9-11 (and may belong to the pharyngeal area). Only strain B10 appears unusual but it is in region D with branhamellas, moraxellas and ' false neisserias '. The isolate of Hodge et al.
( 1 987) clustered with the pharyngeal isolates of phenon 9. We have, therefore, no firm evidence that any are intermediate between gonococci and meningococci, but this may be difficult to determine when these two species exhibit so few phenotypic differences, even with a large number of tests. Knapp (1988) has commented that these suspected intermediates are in any case very rare.
Phenon 5 also seems to represent the meningococcus.
Serological groupings show no strong relations to phenons 3 and 5 ; thus serovars A and C occur in both, and Fig. 6 suggests that these phenons run together. The anomalous position of strains labelled Neisseria cinerea, which appear so close to the meningococci, and yet differ in fermentation of glucose and maltose and colonial appearance (Vedros, 1984) , indicates the need for closer study of this species. The species is serologically heterogeneous, but reactions with anti-glutamate hydrogenase indicate that it is close to N. meningitidis (Berger, 1984) .
Most strains received as Neisseria pohsaccbarea were in phenon 6, but replicates of an atypical strain (P2, P3) seem to be more like moraxellas (see Fig. 5 ). There may be grounds for separating N. elongata subsp. ghcobtica (phenon 7) from N . elongata subsp. elongata (phenon 20) and raising it to species rank if more strains can be studied. Phenon 8, N . lactamica, is one of the better defined species; there is DNA and serological evidence that it is close to N. meningztidis (Berger, 1984; Riou & Guibourdenche, 1987) . Taxonomy of Neisseria borne on quite short stems (Fig. 3) , and the principal coordinate diagram showed no evidence of clusters. The first three axes in the latter accounted for only 25 % of the variation, and the effective dimensionality n' was very high at 22.6. Most of the phenons had low diagnostic scores in the DIACHAR program, and the OVERMAT program showed that most of the larger overlaps were in this area. All this suggests that there is little structure in the area. None of the traditional features for separating the named species (e.g. pigmentation, mucoid growth) seemed particularly associated with species names ; indeed mucoid and dry growth as expressed in epithets mucosa and sicca, seem to occur in all parts of the area ' Neisseria mucosa var. heidelburgensis' does not seem distinctive, and N. macacae appears to belong to the area. The evidence from serology, summarized by Berger (1984) is also difficult to interpret; some pairs of species, such as N . mucosa and N. sicca, and N. subflava and N . flava, seem identical, but minor cross-reactions occur widely. We consider that on present knowledge few species of human commensals can be well defined.
Area C: phenons 18-26, This area is not sharply separated from area B (Fig. l) , and some phenons (e.g. phenon 21) are evidently close to the pharyngeal phenons (Fig. 7) . Phenon 18, Neisseria animalis, also contains one replicate of N. denitrificans, Hla. The two species are evidently very similar, as noted by Vedros (1984) , and animalis is the earlier epithet. There is insufficient evidence to justify separate species. Phenon 19 is of interest because some strains were isolated by D r V. E. Dent from dental plaque, and other strains from this source are found in phenons 23 and 24. This may be of significance in the production of plaque and caries because of the highly aerobic metabolism of neisserias and, though they do not produce large amounts of acid from carbohydrates, they could reduce oxygen tension very rapidly, which may be a factor in plaque formation.
There seems insufficient evidence to separate the variety ' intermedia' from the rest of Nezsseria elongata subsp. elongata (phenon 20) . Only a single strain designated as CDC group M-6 (Neisseria elungata strain 12) was included in this study and this clustered with Neisseria elongata subsp. elungata strains in phenon 20. Isolates of the M-6 group originate from the throat, sputum, or from blood, where they are often associated with endocarditis (Grant e t al., 1990) . These authors have shown that all the M-6 strains they studied have high DNA relatedness to the Neisseria elungata subsp. elongata type strain and are distant in this respect to CDC groups M-5 (N. weaverz] and EF-4.
They also showed that group M-6 strains differ from those of Neisseria elongata subsp. elongata in being positive for nitrate reduction and they sometimes weakly acidify glucose (group M-6 strains differ from Neisseria elongata subsp. glycubtica in being positive for nitrate reduction and catalase negative). Grant e t al. (1990) have proposed the M-6 group as a subspecies Neisseria elongata subsp. nitroredueens because of its clinical significance and the ease with which it can be differentiated from Neisseria elongata subsp. elungata.
Phenon 21 presents a problem that we cannot resolve: whether Neisseria szlbjava and N . flavescens should be regarded as different species. The type strains of both occur in this phenon, but we are reluctant to reduce them to synonymy (N. szlbflava has priority) because N.flavescens is classically associated with meningitis, and N. subflava is only rarely (see however Johnson, 1983) . Furthermore, the latter is reported to ferment glucose and maltose unlike N . javescens. N. flavescens appears to be serologically distinct from N. subjava, but there is evidence from antiglutamate dehydrogenase that it is close to N. meningitidis (Berger, 1984) . In our hands neither replicate of the type strain of N. subflava (U38, U38a) fermented any sugars (50CH or rapid sugars). N. javescens caused a limited epidemic of meningitis in Chicago (Branham, 1930) , and Cowan (1974) noted 'At first none of the strains isolated in Chicago attacked any sugars but after many years in artificial culture our strains (originally received from Dr Branham), and those kept by D r Branham herself, developed the ability to produce acid from glucose, maltose and sucrose'.
It may therefore be that carbohydrate metabolism is repressed in this species but that genetic changes allow its expression. Available evidence (Holten, 1974a, b) suggests that glucokinase, glucose 6-phosphate and 6-phosphogluconate dehydrogenase are present in all ' true ' neisserias, including N. flavescens, N. cinerea and N.
elongata. However, catabolite repression effects on enzymes involved in carbohydrate metabolism have been observed in N. javescens and some other neisserias with elevated glucose (Holten, 1974a, b) . Variability in neisserial sugar acidification reactions might, therefore, be minimized by the use of media with lower concentrations of sugars than would normally be appropriate for other bacteria.
The attack on sucrose by N. flavescens in this study suggests affinities with the pharyngeal commensals. The rarity of N. flavescens has been noted (Knapp, 1988) and, given the unpredictability of carbohydrate metabolism suggested for both N. flavescens and N. subflava together with their high phenetic similarity as indicated in the present study, it is possible that it occurs more frequently than has been realised. Cowan believed that N. flavescens had not with certainty been isolated since the Chicago outbreak, but recent isolations supported by serology have been discussed by Johnson (1983) and Berger (1984) .
Phenons 22-24 appear more typical of Neisseria than Moraxella. Phenon 22 is from lizards (Plowman e t al., 1987) and has been proposed elsewhere as a new species, Neisseria iguanae (Barrett e t al., 1994) . As noted in Results we consider that phenons 23 and 24 should be combined, and these might represent a second new species.
The acidification of trehalose and salicin, as observed in phenons 22 and 23/24 respectively, has been recorded previously for an unidentifiable species of Neisseria causing epidemic venereal disease in geese (Szip e t al., 1978 ; Pataky, 1974) . This organism also acidified glucose, sucrose, and maltose but was not haemolytic. This occurrence of a Neisseria from geese is interesting because veterinary microbiologists have often considered avian body temperature to be too high for neisserias. It is possible that these strains were variants of N. denitrzficans.
The only avian isolate in our study was N. denitrificans strain H2 and this was from the penis of a gander. This strain clustered with N. animalis (phenon 18). Unfortunately, the Hungarian strains are no longer available for study (Dr I. Szkp, personal communication) .
The satellite strain 211, the type strain of Morococczcs cerebrosis, has a distinctive cellular morphology, with mulberry clumps. The clustering of this type strain here supports the findings of Long e t al. (1981) and their proposed inclusion of the genus Morococczcs as a new genus within the Neisseriaceae.
The succeeding phenon 25 is too diffuse to recognize as a species though these strains give notably strong arylamidase reactions. Some of these arylamidase reactions appeared more indicative of Moraxella than Neisseria and phenon 25 might possibly represent neisserias that have been transformed by strains of Moraxella species. Whilst it is known that the 'true neisserias' are closely related genetically and are distinct from the 'false neisserias' and Branhamella (Catlin & Cunningham, 1961 ; Bsvre, 1065; Hoke & Vedros, 1982) , their genetic relations with Moraxella do not appear to have been examined in any detail and this may be worth further study.
There are some discrepancies between our results on phenon 26 and those of Holmes & Ahmed (1981) on CDC EF-4a strains, notably that we did not observe gelatin hydrolysis (although this may simply imply less sensitivity in our method). Holmes & Ahmed also reported fermentative reactions with carbohydrates. Unlike those of EF-4a, strains of a similarly named CDC group, EF-4b, do not usually digest gelatin and do not ferment glucose or hydrolyse arginine. These groups therefore deserve closer study.
Area D: phenons 27-31; false neisserias and moraxellas. This area is reasonably distinct. Phenoii 27 (Branhamella catarrhalis) requires no comment other than that some mislabelled strains belong to this species; its separation from the ' false neisserias ' (phenons 28 and 29) on the phenogram does appear to be significant and is in agreement with the findings of Bsvre (1965) and also those of Hoke & Vedros (1982) which were based on DNA base composition, genetic transformation and DNA hybridization. The satellites that follow it may have been strains of well known species that behaved aberrantly in our tests, rather than strains resulting from genetic transformation between Neisseria and Branhamella species which, on present evidence (Catlin & Cunningham, 1961 ; Siddiqui & Goldberg, 1975; Hoke & Vedros, 1982) , would perhaps be possible but is likely to be an extremely rare occurrence.
Phenon 28 contains the type strains of both Neisseria caviae and N . czcniculi, but they were partly separated in the phenogram and further study may show better distinction between them, so it seems best not to reduce them to synonymy. The two species show low DNA-DNA pairing values (Vkron e t al. ,1993) . Strains of N. caviae were stronger in alkaline phosphatase, positive for Tween 40, Tween 80 and tributyrin hydrolysis and nitrite reduction, and only N. caviae gave a zone of opacity around the positive clearing on Tween 85 agar. A surprising finding was the occurrence here of both replicates (U38, U38a) of the type strain of N.flava, and we suspect that mislabelling may have occurred, as it showed no pronounced pigmentation in our hands, and did not acidify glucose as would be expected.
The study suggests that Neisseria ovis (phenon 29) Vaneechoutte e t al. (1988) and is also harmonious with the findings of Berger & Issi (1971) which showed saccharolytic neisserias (and N. canis) to be sensitive to acetazolamide in air, unlike the 'false neisserias ' and Branhamella catarrhalis which do not produce carbonic anhydrase (Berger & Piotrowski, 1974) . Acetazolamide is a potent carbonic anhydrase inhibitor that affects the growth of carbonic-anhydrase-producing Neisseria most significantly, presumably because of reduced formation of bicarbonate; the degree of inhibition increases with decreasing ambient CO, concentration (Forkman, 1968) .
Phenon 30 contains the classical moraxellas and it may be noted that strains X9, X11, X12 in phenon 30 labelled N. ovis are, when the source is recorded, from cattle, and they seem distinct from the sheep strains in phenon 29. We do not have enough evidence to determine whether X9, X11 and X12 should be included within Moraxella bovis. It may be significant that strains of phenons 29 and 30 seem to be usually isolated from human or animal conjunctiva with or without conjunctival inflammation.
Phenon 31, Kingella kingae, is clearly distinct in both Fig.  5 and Fig. 7 . The single strain of K. indologenes groups near it but not very closely; this is in keeping with the considerable difference in 16s rRNA sequence which led Dewhirst e t al. (1990) to transfer K. indologenes to a new genus Szcttonella. It is not surprising that the strain 213 of Gemella haemohsans is also near here. It is also noteworthy that it is the only strain that was alany1.a negative, which appears characteristic of Gram-positive organisms (Carlone et al., 1983) . The pair V4 and V9 from dental plaque may represent an undescribed species: they are unique in being indole positive (except for the nearby strains Y3 and 0 8 which are also indole positive). The pair is also characterized by attacking ribose, D-xylose, galactose, mannose, mannitol and N-acetylglucosamine, Taxonomy of Neisseria unlike any other strains. They differ from phenon 30 in being cocci, and are haemolytic on both horse and sheep blood, but resemble phenon 30 in showing a strong alkaline phosphatase reaction.
In general the grouping of these highly similar organisms is reasonably satisfactory. Host species, site of isolation and host trophic group (carnivore, herbivore or omnivore) are remarkably consistent within individual phenons (see Table l ), and this may also indicate a high level of naturalness for the proposed taxonomy. Evidence from serology and DNA supports the grouping of species into area A (Berger, 1984; Riou & Guiboudenche, 1987 Hoke & Vedros (1982) found that N. gonorrboeae and N . meningitidis had 93% similarity by DNA-DNA pairing, but Rossau e t al. (1989) found a lower value of 74 YO. Rossau et al. (1989) The rRNA-DNA data of Rossau e t a/. (1989) show three regions that correspond largely to our major areas. One region comprises organisms of our areas A and B, containing N . gonorrboeae, N. meningitidis, N . lactamica, N . mucosa 
Branhamella catarrhalis) .
The relationships among the true neisserias, false neisserias and moraxellas is also broadly similar to those from electrophoretic banding patterns (Chun e t al., 1985) , genetic and DNA studies (Catlin & Cuningham, The electrophoretic patterns studied by Chun e t al. (1985) showed that species in our pharyngeal area formed two loose clusters together with N . meningitidis and N . gonorrhoeae, but N . canis and N . animalis were a third cluster. N. caviae, N. ovis and Branhamella catarrhalis formed a fourth cluster. There was, however, a strain (which we did not study) of N. cuniculi among the true neisserias. Rossau et al. (1991) found that the DNA-DNA pairing between strains of Moraxella bovis, N. caviae, N . ovis, N . ctrnictrli and Branhamella catarrhalis were in the range of 75-80%, which is in keeping with the close phenotypic similarities we observed.
Most classical species have emerged except in the doubtful pharyngeal region. The number of unclustered satellites is not very great. In a group where strain contamination readily occurs there is also the risk of mixed cultures, but the behaviour of the replicates that were made and the laboratory investigations of unusual test results suggests that contamination was not a major problem.
The distinctness between the ' true neisserias ' on the one hand and the ' false neisserias ', branhamellas and moraxellas on the other is well supported (Fig. 1, Fig. 7 ).
The present study does not suggest a major difference between the branhamellas and moraxellas, though Kingella kingae is very different from the rest. These phenotypic relationships are in good accord with the nucleic acid evidence of Rossau e t al. (1989, 1991) .
